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A method for producing an ink-jet recording head having a 
discharge port con?gured to discharge ink, a passage-forming 
member con?gured to form an ink passage communicating 
With the discharge port, and a substrate provided With an 
energy- generating element con?gured to generate energy uti 
liZed for discharging ink includes the steps of forming a 
pattern for the passage on the substrate, the pattern being 
composed of a positive photosensitive resin that is insensitive 
to light having a Wavelength of 300 nm to 470 nm, forming a 
coating resin layer to be the passage-forming member on the 
substrate having the pattern, exposing the coating resin layer 
to only light having a Wavelength of 300 nm or more to form 
the discharge port, and removing the pattern to form the 
passage. 
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INK-JET RECORDING HEAD AND METHOD 
FOR PRODUCING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to an ink-jet recording 
head con?gured to generate droplets of a recording liquid 
applicable to ink-jet recording and relates to a method for 
producing the head. 
[0003] 2. Description of the Related Art 
[0004] In general, ink-j et recording heads applicable to ink 
jet recording each include a minute recording-liquid-dis 
charging noZZle (hereinafter, referred to as a “discharge 
port”), a liquid passage, and a liquid-discharge-energy-gen 
erating portion disposed at part of the liquid passage. Hith 
erto, a method described in US. Pat. No. 4,657,631 has been 
knoWn as a method for producing such an ink-jet recording 
head. 
[0005] The method described in US. Pat. No. 4,657,631 
includes forming a liquid passage pattern With a soluble resin, 
coating the pattern With an epoxy resin or the like and effect 
ing curing, cutting a substrate, and removing the soluble resin 
by dissolution. According to the method, bonding and cutting 
are performed While the ink passage is ?lled With the soluble 
resin. Thus, problems such as intrusion of adhesives or dust 
into the ink passage and chipping or cracking of the ink 
discharge port are prevented. 
[0006] A method including forming an ink passage pattern 
With a positive resist, coating the passage pattern With a 
photocurable resin, forming a noZZle (ink noZZle) on an 
energy-generating element by photopatterning, and eluting 
the positive resist to form an ink passage has been reported as 
an advanced method. In this method, the ink passage and the 
noZZle (ink noZZle) are formed not by cutting but by photoli 
thography; hence, processing can be performed With very 
high accuracy. 
[0007] As described in US. Pat. No. 6,390,606, in some 
cases, to increase adhesion to a coating resin layer covering an 
ink passage pattern, an adhesion-improving-layer pattern 
composed of a thermoplastic resin is formed on a substrate 
including an energy-generating element. 
[0008] In the case Where an ink passage is formed by form 
ing an ink passage pattern composed of a positive resist and 
then removing the ink passage pattern by dissolution, it goes 
Without saying that the ink passage pattern should have shape 
stability as a mold in order to form the ink passage With high 
accuracy. HoWever, during patterning of the coating resin 
layer, the resin layer partially transmits light to inevitably 
expose the positive resist constituting the ink passage pattern 
to light. This may cause reducing a chemical change of part of 
the positive resist, the shape stability as a mold, and thus 
degrading the shape accuracy of the ink passage. 
[0009] In the case Where the adhesion-improving-layerpat 
tern is formed, in some cases, the molecular Weight of part of 
the ink passage pattern is reduced by light re?ected from the 
adhesion-improving-layer pattern. Furthermore, a crack may 
form during the development of the coating resin layer. In 
some cases, the crack causes an abnormality of the discharge 
port shape, thus resulting in nonuniformity of the discharge 
direction of the ink droplets discharged and reducing the siZe 
of the ink droplets discharged. This may result in a nonuni 
form image. 
[0010] In recent years, trends toWard improvements in the 
quality of images obtained by ink-jet recording have required 
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a reduction in the volume of the ink droplets to be discharged 
and an increase in droplet landing accuracy. Thus, the ink 
passages have been required to have higher shape accuracy. 
Therefore, ink passage patterns have been required to have 
higher shape stability as molds. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made in consider 
ation of the above problems. The present invention provides a 
method for producing an ink-jet recording head including an 
ink passage With high accuracy in shape, and provides an 
ink-j et recording head produced by the method. 
[0012] An embodiment of the present invention Will be 
described beloW. 
[0013] A method for producing an ink-jet recording head 
having a discharge port con?gured to discharge ink, a pas 
sage-forming member con?gured to form an ink passage 
communicating With the discharge port, and a substrate pro 
vided With an energy-generating element con?gured to gen 
erate energy utiliZed for discharging ink includes the steps of: 
[0014] forming a pattern for the passage on the substrate, 
the pattern being composed of a positive photosensitive resin 
that is insensitive to light having a Wavelength of 300 nm or 
more; forming a coating resin layer on the substrate having 
the pattern to become the passage-forming member, the coat 
ing resin layer being composed of a negative photosensitive 
resin; exposing the coating resin layer only to light having a 
Wavelength of 300 nm to 470 nm, to form the discharge port; 
and removing the pattern to form the passage. 
[0015] According to the method for producing an ink-jet 
recording head, an ink-jet recording head having a passage 
With high accuracy in shape and having high droplet landing 
accuracy can be formed. 
[0016] Further features of the present invention Will 
become apparent from the folloWing description of exem 
plary embodiments With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic perspective vieW of an ink-jet 
recording head according to an embodiment of the present 
invention. 
[0018] FIGS. 2A to 2G are schematic cross-sectional vieWs 
illustrating a method for producing an ink-jet recording head 
according to an embodiment of the present invention. 
[0019] FIG. 3 is a schematic cross-sectional vieW illustrat 
ing a method for producing an ink-j et recording head accord 
ing to an embodiment of the present invention and is a sche 
matic vieW of a substrate provided With an adhesion 
improving layer. 
[0020] FIGS. 4A to 4F are schematic cross-sectional vieWs 
illustrating a method for producing an ink-jet recording head 
according to an embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0021] The present invention Will be described in detail 
With reference to the draWings. 
[0022] An ink-j et recording head can be mounted on appa 
ratuses, such as printers, copiers, facsimiles including com 
munication systems, and Word processors including printers, 
and industrial recording equipment in Which various process 
ing apparatuses are combined. Recording can be performed 
on various recording media, such as paper, strings, ?bers, 
fabrics, leather, metals, plastics, glass, lumber, and ceramics, 
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With the ink-jet recording head. The term “recording” used in 
this speci?cation means that not only images, such as char 
acters and ?gures, having meanings are applied to recording 
media but also images, such as patterns, having no meaning 
are applied. 
[0023] The terms “ink” or “liquid” should be Widely con 
strued and refers to a liquid Which forms an image, a ?gure, or 
a pattern, Which processes a recording medium, or Which is 
used for the treatment of ink or a recording medium When the 
liquid is applied to a recording medium. The phrase “treat 
ment of ink or a recording medium” refers to, for example, the 
improvement of ?xation by the solidi?cation or insolubiliZa 
tion of a colorant in ink applied to the recording medium, the 
improvement of recording quality and color forming proper 
ties, and/or the improvement of image permanence. 
[0024] In the folloWing description, the same or equivalent 
elements are designated using the same reference numerals in 
the draWings, and redundant description is not provided. 
[0025] FIG. 1 is a schematic vieW of an ink-jet recording 
head according to an embodiment of the present invention. 
[0026] The ink-j et recording head according to this 
embodiment includes a silicon substrate 1 having discharge 
energy-generating elements (ink-discharge-energy-generat 
ing elements) 2 Which generate energy utiliZed for discharg 
ing ink and Which are arranged in tWo lines at a predetermined 
pitch. The substrate 1 includes supply ports 3 formed by 
anisotropically etching silicon, each supply port 3 being 
arranged betWeen tWo lines of the energy-generating ele 
ments 2. For the sake of convenience, only a single supply 
port 3 is shoWn. Discharge ports 7 located opposite the 
energy-generating elements 2, and individual passages com 
municating With a supply port 3 and the discharge ports 7 are 
formed on the substrate 1 by a passage-forming member 
(passage Wall) 11. The positions of the discharge ports 7 are 
not limited to positions opposite the energy-generating ele 
ments 2. 

[0027] The ink-jet recording head is arranged in such a 
manner that a surface on Which the discharge ports 7 are 
formed faces a recoding surface of a recording medium. In the 
case of the ink-j et recording head, recording is performed by 
applying energy generated by the energy-generating ele 
ments 2 to ink that has ?oWed into the passages from a supply 
port 3, discharging ink droplets from the discharge ports 7, 
and attaching the ink droplets to the recording medium. Non 
limiting examples of the energy-generating elements include 
electrothermal transducers, such as heaters, for thermal 
energy, and pieZoelectric elements for mechanical energy. 
[0028] FIGS. 2A to 2G are schematic cross-sectional vieWs 
illustrating a method for producing an ink-jet recording head 
according to an embodiment of the present invention. Each of 
FIGS. 2A to 2G is a cross-sectional vieW taken along the line 
11-11 in FIG. 1. 

[0029] The substrate 1 (base) composed of glass, a ceramic 
material, plastic, or a metal is prepared as shoWn in FIG. 2A. 
[0030] The shape and material of the substrate 1 are not 
particularly limited and any shape and material of the sub 
strate 1 may be used as long as it functions as part of the 
passage-forming member and as a support for an ink-passage 
pattern 4 and a coating-resin layer 5 described beloW. 
[0031] A desired number of energy-generating elements 2 
is arranged on the substrate 1 (for the sake of convenience, in 
FIGS. 2A to 2G only tWo energy-generating elements are 
shoWn). The energy-generating elements 2 are connected to 
control-signal-receiving electrodes (not shoWn) for operating 
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these elements. In general, for the purpose of improving the 
service life of the energy-generating elements 2, various 
functional layers, such as an ink-resistant protective layer 
composed of a noble metal, are disposed thereon. 
[0032] A structure in Which ink supply ports 3 serving as 
openings used for supplying ink are formed in the substrate 1 
in advance has been described above. The supply ports 3 may 
be formed by any of methods by Which openings may be 
formed in the substrate 1. For example, a mechanical method, 
such as drilling, may be employed. Light energy, such as 
laser, may also be used. The supply ports 3 may be formed by 
forming a resist pattern on the substrate 1 and chemically 
etching the pattern. Alternatively, the ink supply ports 3 may 
be formed not in the substrate 1 but in a resin pattern and may 
be located on the ink discharge port side of the substrate 1. 
There is no need for the formation of the ink supply ports 3 in 
the substrate 1 in advance. The ink supply ports 3 may be 
formed during a back-end process. 
[0033] As shoWn in FIG. 2B, the ink-passage pattern 4 
composed of a positive resist (positive photosensitive resin) 
that is insensitive to light having a Wavelength of 300 nm is 
formed on the substrate 1 having the energy-generating ele 
ments 2. 

[0034] Examples of the positive resist (positive photosen 
sitive resin) that can be used include positive photoresists 
composed of a mixture of an alkali-soluble resin and either a 
quinone diaZide or naphthoquinone diaZide derivative, and 
photodegradable resists sensitive to ioniZing radiation such as 
electronbeams, deep-UV, andX-rays. Examples of the alkali 
soluble resin include novolac resins and polyhydroxystyrene. 
[0035] Examples of the photodegradable resist include 
vinyl ketone polymer compounds, such as polymethyl iso 
propenyl ketone and polyvinyl ketone; methacryl polymer 
compounds, such as polymethacrylic acid, polymethyl meth 
acrylate, polyethyl methacrylate, poly-n-butyl methacrylate, 
polyphenyl methacrylate, polymethacrylamide, and poly 
methacrylonitrile; and ole?n sulfone polymer compounds, 
such as poly(butene-l-sulfone) and poly(methylpentene-l 
sulfone). Copolymers containing a plurality of the monomer 
units may be used. 
[003 6] In the present invention, insensitivity to light having 
a Wavelength of 300 nm or more is needed for the positive 
resist. Sensitivity to light having a Wavelength of less than 300 
nm is alloWed for the positive resist. 
[0037] In this speci?cation, Whether the resist is sensitive or 
insensitive to light having a Wavelength of 300 nm or more is 
determined by the availability of patterning using light having 
a Wavelength of 300 to 470 nm. Speci?cally, the determina 
tion is made by the folloWing method: A layer composed of a 
positive resist Whose insensitivity to light having a Wave 
length of 300 nm or more is to be determined is formed on a 
substrate so as to have a thickness of 20 pm. A linear region 
having a Width of 100 pm is irradiated With light having an 
integrated light quantity of 500 In], developed, and rinsed. 
The region is irradiated With light beams having Wavelengths 
of 300 nm to 470 nm in 20 nm increments. If a reduction in the 
thickness of the positive-resist layer is not observed in the 
region irradiated With the light beams, the resist is determined 
to be “insensitive to light having a Wavelength of 300 nm or 
more”. If a complete or incomplete pattern is formed on the 
positive resist layer irradiated With the light beams or if a 
reduction in the thickness of the layer is observed, the resist is 
determined to be “sensitive to light having a Wavelength of 
300 nm or more”. 
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[0038] Polymers having methyl methacrylate (MMA) 
units, such as polymethyl methacrylate and MMA/n-butyl 
methacrylate copolymers, Which are insensitive to light hav 
ing a Wavelength of 300 nm or more, may be used Without 
processing. 
[0039] In the case of a material sensitive to light having a 
Wavelength of 300 nm or more, e.g., polymethyl isopropenyl 
ketone, the incorporation into the material of an ultraviolet 
ray absorber that absorbs light having a Wavelength of 300 nm 
or more alloWs the material to be insensitive to light having a 
Wavelength of 300 nm or more. The resulting material may be 
used. 

[0040] Examples of the UV absorber include 2,4-dihy 
droxybenZophenone, 2-hydroxy-4-methoxybenZophenone, 
2-4-hydroxy-4-n-octoxybenZophenone, 2-hydroxy-4-n 
dodecyloxybenZophenone, 2-hydroxy-4-benZyloxyben 
Zophenone, 2,2'-hydroxy-4-methoxybenZophenone, phenyl 
salicylate, 4-tert-butylphenyl salicylate, 2-hydroxy-4-meth 
oxybenZophenone, and 2,4-di-tert-butylphenyl-3',5'-di-tert 
butyl-4-hydroxy benZoate. 
[0041] The UV absorber may be incorporated in an amount 
such that the material is insensitive to light having a Wave 
length of 300 nm or more. For example, about 0.1 to 5.0 
percent by Weight of the UV absorber may be incorporated 
into the positive resist. 
[0042] A positive resist layer composed of such a positive 
resist is formed on the base including the energy-generating 
elements. The positive resist layer is subjected to patterning to 
form an ink-passage pattern. The positive resist layer usually 
has a thickness of 5 to 30 um. The patterning of the positive 
resist layer may be performed by, for example, irradiation 
With deep -UV light from a deep -UV exposure device through 
a mask having a desired pattern. 

[0043] The positive resist layer can be formed by lamina 
tion of a separately formed dry ?lm of the positive resist When 
the substrate 1 provided With the ink supply ports 3 is used. 
The dry ?lm may be formed by dissolving the positive resist 
in an appropriate solvent to form a solution, applying the 
resulting solution to a ?lm such as a PET ?lm, and drying the 
solution. In this case, a material containing a polymer com 
pound, having high coatability, and capable of being lami 
nated on the ink supply ports 3 can be used as the positive 
resist. Speci?cally, a positive resist degradable With an elec 
tron beam, deep-UV light, or X-ray ioniZing radiation can be 
used. Alternatively, a ?lling removable during a back-end 
process may be disposed in the ink supply ports 3 formed in 
the substrate 1, and then the positive resist layer may be 
formed by usual solvent coating, such as spin coating or roll 
coating. In this case, any of the materials described above may 
be used. 

[0044] As shoWn in FIG. 2C, the coating-resin layer 5 com 
posed of a photocationic-curable resin sensitive to light hav 
ing a Wavelength of 300 nm or more is formed on the substrate 
1 including the ink-passage pattern 4. 
[0045] The ink-passage pattern 4 composed of the positive 
resist is generally soluble in a polar solvent. Thus, a resin that 
Will constitute the coating-resin layer 5 is dissolved in a 
non-polar solvent, such as toluene or xylene to form a solu 
tion. The coating-resin layer 5 can be formed by solvent 
coating the solution Without adverse effects on the ink-pas 
sage pattern 4. The coating-resin layer 5 can be composed of 
a negative photosensitive resin, such as a photocationic-cur 
able resin. 
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[0046] A photocationic-curable resin containing a sensi 
tiZer that sensitiZes the resin to light having a Wavelength of 
365 nm or more may be used as the photocationic-curable 
resin used here. An example of the photocationic-curable 
resin is a material containing an epoxy resin, a photocationic 
initiator, and a sensitiZer. Cationic polymerization is a chain 
transfer reaction. Thus, it is possible to obtain a cured article 
having crosslink density (glass transition temperature) at a 
relatively loW temperature for a short time after the reaction is 
initiated. 
[0047] As the epoxy resin, any knoWn epoxy resin may be 
used. Examples thereof include EHPE3150 (produced by 
Daicel Chemical Industries, Ltd.), Epicoat 1110 (produced 
by Japan Epoxy Resins Co., Ltd.), and Epon SU-8 (produced 
by Shell Chemicals Limited). 
[0048] As the photocationic initiator, any knoWn photoca 
tionic initiators may be used. Examples thereof include aro 
matic iodonium salts, aromatic sulfonium salts, and WPI-l 13 
(produced by Wako Pure Chemical Industries, Ltd). 
[0049] Examples of aromatic sulfonium salts include Irga 
cure 261 (trade name, produced by Ciba Specialty Chemi 
cals), Adeka Optomer SP-l70, Adeka Optomer SP-l72, 
Adeka Optomer SP-l50 (produced by Adeka Corporation), 
and Cyracure UVI6990 (produced by The DoW Chemical 
Company). 
[0050] Among these, Adeka Optomer SP-l70 and Adeka 
Optomer SP- 1 72 (trade names, produced by Adeka Corpora 
tion) can be used. These photocationic initiators initiate cat 
ionic polymeriZation by irradiation With ultraviolet rays. 
[0051] These photocationic initiators in combination With a 
reductant can promote cationic polymeriZation by heating. 
Speci?cally, crosslink density can be increased compared 
With that in photocationic polymeriZation in the presence of 
the photocationic initiator alone. In the case of the combina 
tion of the photocationic initiator and the reductant, the reduc 
tant can be selected in such a manner that a redox initiator, 
Which does not react at room temperature but reacts at a 
speci?c temperature or higher (e.g., 600 C. or higher), is used. 
A copper compound such as copper tri?ate is suitable as such 
a reductant. Furthermore, a reductant such as ascorbic acid is 
useful. 
[0052] As the sensitiZer, any knoWn sensitiZer may be used. 
The combination of the sensitiZer and the photocationic ini 
tiator is important. Examples of the photocationic initiator 
commercially available include Adeka Optomer SP-l70, 
Adeka Optomer SP-l72, Adeka Optomer SP-l 50 (trade 
names, produced by Adeka Corporation). When an aromatic 
sulfonium salt is used as the photocationic initiator, an 
anthracene derivative can be used as the sensitiZer. An 
example of the anthracene derivative is Adeka Optomer 
SP-l00 (trade name, produced by Adeka Corporation). 
[0053] These photocationic-curable resins may contain an 
additive and the like, if needed. For example, a ?exibility 
imparting agent may be incorporated in order to reduce the 
elastic modulus of a cured article. Furthermore, a silane cou 
pling agent may be incorporated in order to increase adhesion 
to the substrate. 
[0054] In general, the coating-resin layer can have a thick 
ness of 10 to 200 pm on the ink-passage pattern. 
[0055] The coating-resin layer is patterned by irradiation 
With light having a Wavelength of 300 nm to form the dis 
charge ports 7. 
[0056] The patterning of the coating-resin layer may be 
performed by, for example, irradiation With the i-line (Wave 
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length: 365 nm) from an i-line exposure device through a 
mask having a desired pattern. The G-line or the like as Well 
as the i-line may be utilized. Furthermore, a ?lter that ?lters 
out light having a Wavelength of 300 nm or less may be used 
for light emitted from a light source. In this case, the coating 
resin layer is exposed to light having a Wavelength of 300 nm 
or more. Thus, the positive resist located beloW the coating 
resin layer is not chemically changed. The coating-resin layer 
is composed of the photocationic-curable resin sensitive to 
light having a Wavelength of 300 nm or more and thus is 
effectively cured by irradiation With light having such a Wave 
length. Among light beams having Wavelengths of 300 nm or 
more, exposure to only a light beam having a Wavelength of 
350 nm or more, for example, the i-line, can also be per 
formed. For example, some positive resists usable as the 
loWer layer are sensitive to light having a Wavelength of about 
330 nm. Many positive resists are insensitive to light having a 
Wavelength of 350 nm or more. Thus, exposure of the coating 
resin layer to only light having a Wavelength of 350 nm or 
more advantageously results in a Wide range of choice for the 
positive resist. 
[0057] The phrase “irradiation With the i-line” means that 
an object is irradiated With only a light beam having a Wave 
length of 365110 nm among light beams having Wavelengths 
of 200 to 500 nm. 

[0058] As shoWn in FIG. 2D, to form ink discharge ports in 
the coating-resin layer 5, the coating-resin layer 5 is subjected 
to pattern exposure With a mask 6 having an ink discharge port 
pattern. Exposure is performed With light having a Wave 
length of 300 nm or more in such a manner that the ink 
passage pattern 4 composed of the positive resist is not 
changed. 
[0059] As shoWn in FIG. 2E, the coating-resin layer 5 is 
developed With an organic solvent or the like to form the 
discharge ports 7. 
[0060] As shoWn in FIG. 2F, the positive resist constituting 
the ink-passage pattern 4 is eluted With a solvent to form an 
ink passage 8. Elution is easily performed by immersing the 
substrate in a solvent or spraying the substrate With a solvent. 
Furthermore, a combination of immersion and ultrasound 
irradiation can be used to reduce the elution time. 

[0061] As shoWn in FIG. 2G, if necessary, an ink supply 
member 9 is formed. An electrical connection for operating 
the energy-generating elements 2 is established to complete 
the ink-j et recording head. 
[0062] The present invention provides a satisfactory effect 
on a recording head described in US. Pat. No. 6,155,673. In 
an ink-j et recording head described in the patent document, 
an information signal corresponding to a recording informa 
tion item is applied to an energy-generating element (electro 
thermal transducer) to generate thermal energy that results in 
a rapid increase in the temperature of the electrothermal trans 
ducer so as to exceed a temperature required to cause nucleate 
boiling of ink. The thermal energy produces a bubble in ink. 
The resulting bubble is alloWed to communicate With outside 
air to discharge an ink droplet, thereby stabiliZing the volume 
and speed of the ink droplet. This results in a high-quality 
image. In the method described in the patent document, dis 
charge volume is substantially determined by the distance 
betWeen the electrothermal transducer and the discharge port. 
Thus, like the present invention, a method in Which the dis 
tance betWeen the electrothermal transducer and the dis 
charge port can be precisely set With high reproducibility is 
most suitable. Furthermore, the present invention is effective 
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for a full-line recording head in Which recording can be simul 
taneously performed across the full Width of a recording 
paper sheet and for a color recording head provided integrally 
With the recording heads or in combination With a plurality of 
recording heads. 
[0063] FIG. 3 is a schematic vieW of the substrate 1 includ 
ing an adhesion-improving layer 10 according to an embodi 
ment. In general, to increase adhesion betWeen the substrate 1 
and the coating-resin layer 5, an adhesion-improving layer 10 
composed of a thermosetting or thermoplastic resin is 
formed. 
[0064] To overcome the problems in the case Where the 
adhesion-improving layer pattern is formed, the inventors 
have conducted intensive studies and have found that the 
incorporation of an ultraviolet absorber into the adhesion 
improving layer reduces light re?ected from the adhesion 
improving layer. That is, the incorporation of the ultraviolet 
absorber into the adhesion-improving layer suppresses a 
reduction in the molecular Weight of the ink-passage pattern 
and crack formation in the coating-resin layer. Thereby, an 
ink-jet recording head capable of stably discharging ink is 
obtained. 

[0065] Any knoWn thermoplastic resin may be used for the 
adhesion-improving layer. Examples thereof include poly 
ether amide, polyether amide-imide, and polyimide. 
[0066] An ultraviolet absorber that is not basic can be used 
as the ultraviolet absorber incorporatedbecause such an ultra 
violet absorber does not inhibit cationic polymeriZation of the 
coating-resin layer. Examples thereof include 2,4-dihydroxy 
benZophenone, 2-hydroxy-4-methoxybenZophenone, 2-hy 
droxy-4-n-octoxybenZophenone, 2-4-hydroxy-4-n-dodecy 
loxybenZophenone, 2-hydroxy-4-benZyloxybenZophenone, 
2,2'-hydroxy-4-methoxybenZophenone, phenyl salicylate, 
4-tert-butylphenyl salicylate, 2-hydroxy-4-methoxyben 
Zophenone, 2,4-di-tert-butylphenyl-3',5'-di-tert-butyl-4-hy 
droxy benZoate. HoWever, compounds other than these 
examples may be used as long as the compounds are Within 
the scope of the invention. 

[0067] The adhesion-improving layer can have a content of 
the ultraviolet absorber of 1 to 10 percent by Weight. At an 
ultraviolet absorber content of less than 1 percent by Weight, 
the effect of the ultraviolet absorber incorporated is not exhib 
ited, in some cases. The upper limit of the ultraviolet absorber 
content may be set at a value (not to exceed 10 percent by 
Weight) at Which the function of the adhesion-improving 
layer is not impaired. 
[0068] The present invention may be applied to the folloW 
ing method for producing an ink-jet recording head in addi 
tion to the embodiment described above. 

[0069] FIGS. 4A to 4F are schematic cross-sectional vieWs 
illustrating a method for producing an ink-jet recording head 
according to an embodiment of the present invention. FIGS. 
4A to 4F shoW cross sections similar to those shoWn in FIGS. 
2A to 2G. 

[0070] As shoWn in FIG. 4A, side Walls 11a to be formed 
into part of the passage-forming member 1 1 are formed on the 
substrate 1 including the energy-generating elements 2. As 
shoWn in FIG. 4B, the positive resist 12 is formed so as to 
cover the side Walls 11a. The material used for the positive 
resist is insensitive to light having a Wavelength of 300 nm or 
more, as described above. 

[0071] The positive resist is polished toWard the substrate 
until the side Walls 1111 are exposed. In this step, as shoWn in 
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FIG. 4C, the side Walls 11a and the positive resist 12 are 
planariZed. An example of a polishing method is chemical 
mechanical polishing (CMP). 
[0072] As shoWn in FIG. 4D, a discharge port-forming 
resin 11b Which serves as part of the passage-forming mem 
ber and in Which discharge ports Will be formed is formed on 
the side Walls 11a and the positive resist 12. The discharge 
port-forming resin 11b is a photocationic-curable resin sen 
sitive to light having a Wavelength of 300 nm or more, as 
described With reference to FIG. 2C. 
[0073] The discharge port-forming resin 11b is exposed to 
form the discharge ports 7 as shoWn in FIG. 4E. In this case, 
exposure is performed With light having a Wavelength of 300 
nm or more, as described With reference to FIG. 2D. 

[0074] The ink supply ports 3 are formed in the substrate 1. 
Then the positive resist 12 is removed to form the structure 
shoWn in FIG. 4F. 

EXAMPLES 

[0075] Examples of the present invention Will be described 
beloW. 

Examples 1 to 4 

[0076] In this example, an ink-j et recording head Was pro 
duced according to the production procedure (FIGS. 2A to 
2G) described above. 
[0077] A through hole to be the ink supply port 3 Was 
formed by YAG laser on a glass substrate 1 including electro 
thermal transducers (heaters composed of HfB2) functioning 
as the energy-generating elements 2 (FIG. 2A). 
[0078] Polymethyl methacrylate Was applied to a PET sup 
port and dried to form a dry ?lm. The dry ?lm is transferred by 
lamination to form a positive resist layer. The resulting posi 
tive resist layer Was prebaked at 120° C. for 20 minutes and 
Was then subjected to pattern exposure With a mask aligner 
(trade name: PLA520, With a cold mirror: CM290, manufac 
tured by Canon Inc.) so as to form the ink-passage pattern 4. 
The exposure Was performed for 1.5 minutes. Development 
Was performed With methyl isobutyl ketone/xylene:2/ 1 
(mass ratio). Rinse Was performed With xylene. The ink 
passage pattern 4 Was formed in order to form an ink passage 
communicating With the ink supply port 3 and the energy 
generating elements 2. The ink-passage pattern 4 Was left in a 
region to be formed into the ink passage (FIG. 2B). The 
ink-passage pattern 4 after development had a thickness of l 2 
pm. 
[0079] A composition shoWn in Table 1 (EXAMPLE 1) or 
Table 2 (EXAMPLE 2) Was dissolved in a xylene/methyl 
isobutyl ketone mixed solvent to form a composition solution. 
The composition solution Was spin-coated to form a coating 
resin layer (FIG. 2C). A ?lter that ?ltered out light having a 
Wavelength of 300 nm or less Was attached to a mask aligner 
(MPA600, trade name, manufactured by Canon Inc.). Expo 
sure Was performed at an integrated light quantity of 500 In] 
(FIG. 2D). A post exposure bake (PEB) Was performed at 90° 
C. for 3 minutes. The coating-resin layer 5 Was adjusted so as 
to have a thickness of l 2 pm on the ink-passage pattern 4. The 
coating-resin layer 5 Was subjected to development With 
CDS630 (trade name, manufactured by Canon Inc.) using an 
MIBK/xylene (3/2 (mass ratio)) mixed solvent to form the 
discharge ports 7 (FIG. 2E). 
[0080] To elute the positive resist constituting the ink-pas 
sage pattern 4, the entire surface Was subjected to exposure 
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With PLA-520 (trade name, With a cold mirror: CM290) for 2 
minutes. The positive resist Was immersed in methyl isobutyl 
ketone While being irradiated With ultrasound using an ultra 
sonic cleaner to elute the positive resist, thereby forming the 
ink passage 8 (FIG. 2F). 
[0081] The ink supply member 9 Was bonded to the ink 
supply port 3, resulting in the completion of an ink-j et record 
ing head. 
[0082] Ink-jet recording heads in EXAMPLES 3 and 4 
Were produced as in EXAMPLES l and 2, respectively, 
except that the positive resist constituting the ink-passage 
pattern 4 contained poly(methyl propenyl ketone) to Which 3 
percent by Weight of a UV absorber (2-hydroxy-4-methoxy 
benZophenone) Was incorporated. 
[0083] Each of the resulting ink-jet recording heads Was 
mounted on a recording apparatus. Recording Was performed 
With deioniZed Water/glycerol/direct black 154 (Water 
soluble black dye) (65/30/5 (mass ratio)) ink. The results 
demonstrated that stable printing Was performed With satis 
factory droplet landing accuracy. 

Comparative Examples 1 and 2 

[0084] Ink-j et recording heads Were produced as in 
EXAMPLES l and 2, except that compositions excluding the 
sensitiZers shoWn in Tables 1 and 2 Were used as the materials 
for forming the coating-resin layers, and exposure for form 
ing the discharge ports Was performed With light beams also 
including a light beam having a Wavelength of 300 nm or 
more Without the ?lter that ?ltered out light having a Wave 
length of 300 nm or less. 
[0085] Each of the resulting ink-jet recording heads Was 
mounted on a recording apparatus. Recording Was performed 
With the ink used in EXAMPLES l to 4. The results demon 
strated that printing Was performed With poor droplet landing 
accuracy, in some cases. The noZZles in each of COMPARA 
TIVE EXAMPLES l and 2 Were cut and analyZed. The ana 
lytical results demonstrated that the inner Walls of the pas sage 
Were not smooth and that submicroscopic protrusions Were 
observed in some areas. 

TABLE 1 

Ingredient Trade name Manufacturer Content 

Coating resin Alicyclic epoxy Daicel Chemical 93 parts 
compound resin EHPE-3 150 Industries, Ltd. 
Cationic initiator SP-l72 Adeka Corporation 2 parts 
Sensitizer SP-l00 Adeka Corporation 1 part 
Additive Silane coupling Nippon Unicar 4 parts 

agent A- l 87 Company Limited 

TABLE 2 

Ingredient Trade name Manufacturer Content 

Coating resin Alicyclic epoxy Daicel Chemical 90 parts 
compound resin EHPE-3 150 Industries, Ltd. 
Cationic initiator SP-l50 Adeka Corporation 5 parts 
Sensitizer SP-l00 Adeka Corporation 1 part 
Additive Silane coupling Nippon Unicar 4 parts 

agent A- l 86 Company Limited 

[0086] While the present invention has been described With 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the folloWing claims is to be 
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accorded the broadest interpretation so as to encompass all 
modi?cations and equivalent structures and functions. 
[0087] This application claims the bene?t of Japanese 
Application No. 2006-255813 ?led Sep. 21, 2006, Which is 
hereby incorporated by reference herein in its entirety. 
What is claimed is: 
1. A method for producing an ink-jet recording head 

including a discharge port con?gured to discharge ink, a 
passage-forming member con?gured to form an ink passage 
communicating With the discharge port, and a substrate pro 
vided With an energy-generating element con?gured to gen 
erate energy utiliZed for discharging ink, comprising the steps 
of: 

forming a pattern for the ink passage on the substrate, the 
pattern being composed of a positive photosensitive 
resin that is sensitive to light having a Wavelength of less 
than 300 nm and insensitive to light having a Wavelength 
of300 nm or more; 

forming a coating resin layer, composed of a negative 
photosensitive resin, on the substrate so as to cover the 
pattern, the coating resin layer to become the passage 
forming member; 

exposing the coating resin layer to only light having a 
Wavelength of 300 nm or more to form the discharge 
port; and 

removing the pattern to form the ink passage. 
2. The method according to claim 1, 
Wherein the positive photosensitive resin contains a poly 
mer having a methyl methacrylate unit. 

3. The method according to claim 1, 
Wherein the positive photosensitive resin contains an ultra 

violet absorber that absorbs light having a Wavelength of 
300 nm or more. 

4. The method according to claim 1, 
Wherein the coating-resin layer is a photocationic-curable 

resin containing an aromatic sulfonium salt as a photo 
cationic initiator and an anthracene derivative as a sen 

sitiZer to light having a Wavelength of 300 nm or more. 
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5. The method according to claim 1, 
Wherein the coating-resin layer is exposed to the i-line. 
6. The method according to claim 1, further comprising a 

step of: 
forming a thermoplastic resin layer containing an ultravio 

let absorber on the substrate before forming the pattern. 
7. The method according to claim 6, 
Wherein the content of the ultraviolet absorber is in the 

range of 1 to 10 percent by Weight With respect to the 
thermoplastic resin. 

8. The method according to claim 6, 
Wherein the thermoplastic resin is a polyether amide resin. 
9. A method for producing an ink-j et recording head 

including a discharge port con?gured to discharge ink, a 
passage-forming member con?gured to form an ink passage 
communicating With the discharge port, and a substrate pro 
vided With an energy-generating element con?gured to gen 
erate energy utiliZed for discharging ink, comprising the steps 
of: 

forming side Walls for the passage; 
forming a positive resist on the substrate, the positive resist 

being sensitive to light having a Wavelength of less than 
300 nm and insensitive to UV light having a Wavelength 
of 300 nm to 470 nm; 

polishing the positive resist toWard the substrate so as to 
planariZe the side Walls and the positive resist; 

forming a coating resin layer on the planariZed side Walls 
and the positive resist; 

exposing the coating resin layer to only light having a 
Wavelength of 300 nm or more to form the discharge 
port; and 

removing the positive resist to form the passage. 
10. The method according to claim 9, 
Wherein the light to Which the coating resin layer is 

exposed is the i-line. 

* * * * * 


